In the mixed body lymph of the thoracic duct and in the defined organ lymph of the liver and the intestine, the catalytic activity concentrations of up to sixteen enzymes arid the concentrations of albumin and protein were determiiied, äs well äs the transport rate of these substances and their lymph/plasma ratio. Thoracic duct lymph specimens were obtained from an extracorporeal lymph shunt in anaesthetized and conscious dogs and from short-term fistulas in anaesthetized rabbits, rats and mice. Additionally, rabbits and rats underwent passive motion of the bind limbs in another experimental trial. Thoracic duct flow in anaesthetized dogs is only half that seen in conscious dogs, due to bypassed muscular lymph. A similar flow change is seen during passive motion of bind limbs in anaesthetized rabbits and rats. From a literature review of flow in the four main lymphatics of the body, it is concluded that the thoracic duct flow should account for 50-70% of total body lymph flow. In the anaesthetized stäte, flow is mainly of visceral origin. In the conscious state and during passive motion the ihäteased flow is of miisfcular origin. In the latter case, the catalytic activities of enzymes like lactate dehydrogefiase, maläte döhydfogenase, creatine kinase, aldolase and phosphohexose isomerase, increase in lymph äs doels their lympH/plasma ratio. These enzymes have high catalytic activities in muscle* Their transport into the blöod increases 2-3-fold, due tö a doubling of l^mph flow. Reported data for anaesthetized and immobile animals theffcfore far tinderestimate the significahce of thoracic duct enzyme transport. Liver lymph was obtaihed frdftl anaesthetized dogs and rabbits. Our Unding that lymph catalytic activity for several enzymes is higher than in plasma iS not compatible with the proposed delivery of plasma proteins directly into the sinusöidäl space without priör ffl&ing with the Space of Disse. Enzymes in liver lymph should derive from parenchymal afld endothelial liiiiflg Sfells. Their site of delivery from the hepatocyte seems different from that of proteins. Liver lymph is an important transport route of enzymes into the blood. Intestinal lyiflßh was sampled from anaesthetized dogs, rabbits and rats. It was shown that most enzymes from the intestine are primarily released into the interstitial space and from there aie transported via the lymph into the blood. Thoracicus-, Leber-und 
Introduction
Enzymes continuously released from cells are thought to reach the intravascular space in three different ways: directly, if the cells of origin are in contact with the circulating blood (e. g. blood cells, endothelial cells); directly and indirectly if the cells have contact with the intravascular and interstitial spaces and/or if the capillary permeability is high (e. g. liver, spieen); indirectly if the cells are in contact with the interstitial space only and/or the capillary permeability is low (e. g. skeletal muscle, other parenchymal tissues) (1).
Interstitial fluid, reflected in the lymph, therefore contains enzymes from nearly the whole body This ™ , m t* re iv* A · / , ^ " lymph enters the blood via four great lymph collect-;™ ™>co*io \\7-^ * * n i , mg vessels. With respect to flow rate, the thoracic Hurt ;* tViP m^of · «. * e ^ 1UI *â uct is the most important feeder. Thoracic duct IvmnVi V.QC K^r, et / A f *i · , , lymph has been studied frequently in animals but also some data from man are available. In the latter case, however, lymph from pathological states onĥ as been studied (surveys: l c (2 3)) Whereas data on flow and protein composition kreLmtus on S measre data are aivpn «h^nt «^™«*· ·«.· mcdgrc udia are given aoout enzymatic composition Besides the general and still ongoing interest in pro- . A relatively small number of enzymes have been investigated, however,,and these have often not included the diagnostically hiiportant enzymes. Additionally, all the studies reported so far have been performed in anaesthetized animals whose thoracic duct lymph flow was therefore significantly reduced (4, 5). Long-term thoracic duct fistulas on the Othef hand lead to a continuous loss of large amounts of fluid and protein. Therefore n thoracic duct transport of diagnostically important enzymes in conscious dogs, in rabbits, in rats and in mice have not been reported.
Since the lymph of the thoracic duct is a mixture of interstitial fluid from various sources in the body, no direct conclusions can be drawn s to the origin of enzymes in it. Intestinal and hepatic lymph, however, drain a well defined region and Information about their physiologic catalytic activities should contribute to an understanding of the organs of origin for these enzymes. For the liver, the most important organ in diagnostic enzymology, quantitative data on lymph enzymes is lacking.
All studies reported were performed with the four most frequently used animals in experimental medicine to provide a more reliable basis for possible comparison with and application to man. Thoracic duct, hepatic and intestinal lymph from healthy man is not accessible for ethical reasons.
Liver lymph
The lymphatics emerge from the hilus of the liver and, anastomosing freely over the surface of the gastrohepatic ligament, run caudally to the hepatic lymph node adjacent to the portal vein (10). The largest efferent lymphatic was cannulated (Silastic, i. d. 0.76 mm, o. d. 1.65 mm). The others were ligated or cpagulated. Lymph was immediately collected for two consecutive 15 min intervals. Corresponding jugular vein blood samples were taken. We report on 26 observations in 13 dogs (23 -34 kg body weight, χ = 27 kg).
Intestinal lymph
There are several (usually two) trunks. They course from the intestine with the cranial mesentery artery and anastomose with each other freely (11). We cannulated one or both trunks with Silastic catheters (i. d. 0.76 mm, o. d. l .65 mm). Any other trunks were occluded. Lymph was immediately sampled for two consecutive 15 min intervals with corresponding blood samples.
Lymph from liver and intestine were sampled, if possible, simultaneously. We report on 27 observations in 14 dogs (24.5-40 kg body weight, χ = 31 kg).
Materials and Methods
Dogs, rabbits, rats and mice were used. Strain, housing conditions and diet have been described in a foregoing publication (8). Varying lymph collecting vessels were cannulated in the animals.
Dogs
For insertion of the cannula dogs were anaesthetized by intravenous injection of sodium pentobarbital (Narcoren®, 30 mg/kg body weight) after premedication with phenothiazine (Combelen®) and methadone hydrochloride (Polamivet®). Anaesthesia was maintained with halothane.
Thoracic duct
A modified T-tube of Silastic (Dow Corning, USA; i. d. 0.76 mm, o. d. l .65 mm) was mserted s a thoracic duct-to-duct shunt in the neck according to Girardet & Benninghoff (9) . Briefly, the principle behind this method consists of exteriorizing the entire thoracic duct circulation by placing the ends of the short arm of a T-tube into the afferent and efferent thoracic duct. The long arm of the T^tube is then used for sampling the flow through this shunt. An intravenous placement unit (BARDI-CATH, BARD, GB) was inserted into the right external jugular vein for blood sampling. We report on two experimental groups.
Anaesthetized dogs (24 observations in. 12 dogs, 25-42 kg body weight, χ = 32 kg): After successful insertion of the lymph shunt, lymph was immediately quantitatively collected for two consecutive 30 min intervals. Blood was withdrawn at the end of each sampling period.
Conscious dogs (27 observations in 7 dogs, 20-40 kg body weight, χ = 31 kg): Seven days after surgery, when catalytic activities in plasma had returned to normal, lymph sampling for analytical purposes was performed twice daily at approximately the same times for each dog in the morning and afternoon. The d'ogs were awake, unrestrained and Standing. Lymph was collected for a 5 min period. A corresponding jugular vein blood sample was taken. Between lymph sampling in the conscious dogs, the long arm of the T-Tube was clamped.
Rabbits
Animals were anaesthetized by intravenous injection of sodium pentobarbital (Narcoren®, 20 mg/kg body weight) after premedication with ketamine hydrochloride (Ketavet®, 15 mg/kg body weight). Anaesthesia was maintained with halothane.
Thoracic duct
The duct was cannulated with a Silastic tube (i. d. 0.57 mm, o. d. 0.94 mm) at its entry into the jugulo-subclavian junction, leaving the pleural cavity unviolated (modified from 1. c. (12)). We report on three experimental groups.
Anaesthetized rabbits (40 observations in 20 rabbits, 4.0-4.5 kg body weight, χ = 4.3 kg): The spontaneously flowing lymph was collected for two consecutive 15 min periods.
Anaesthetized rabbits with passive motion of hind limbs (10 rabbits, 4.0-4.3 kg body weight, χ = 4.2 kg): Both hind limbs were moved passively by flexing and extending them manually with a frequency of 60/min. Lymph was sampled for about 20 min. Anaesthetized rabbits after passive motion of hind limbs: after the end of passive motion, the spontaneously flowing lymph was sampled for another 20 min.
Liver lymph
Hepatic lymph was collected from an efferent vessel coursing over the pancreas after emerging from the main hepatic lyraph node which lies adjacent to the portal vein near the porta hepatis (13). Smaller lymph vessels were ligated. Lymph was collected with a Silastic tube (i. d. 0.57 mm, o. d. 0.94 mm) for two consecutive 15 min periods with corresponding arterial blood samples. We report 12 observations in 6 animals (4.0-4.9 kg body weight, χ = 4.4 kg).
Intestinal lymph
There is no description of rabbit intestinal lymph collection in the literature. The intestinal lymph vessel anatomy is similar to that described for dogs and rats. We sampled lymph for two consecutive 15 min periods with a Silastic tube (i. d. 0,57 mm, o. d. 0.97 mm) with corresponding arterial blood samples. We report 16 observations in 8 rabbits (4.0-4.6 kg body weight, χ -4.3 kg).
Rats
Rats were anacsthetized and a polyethylene catheter for blood sampling was inserted into the carotid artery äs described (8).
Thoracic ducl
The cervical approach at the root of the neck äs outlined by Saldeen & Linder (14) , was used. Lymph cannulation was carried out under a Zeiss IV/b stereo-microscope (Carl Zeiss, Oberkochen) vvith a zoom attachment, using a four point incident Illuminator fixed under the objective, with fibre-conducted cold light from a step down transformer (KL 150 B; Schott, Mainz). During lymph collection the animals were placed on a heated table at 37 °C and lymph was sampled with a Silastic tube (i. Anaesthetized rats after passive motion of hind limbs (l l rats, 250-280 g body weight, = 270g): After the end of passive motion, the spontaneously flowing lymph was sampled for another 20 min.
Intestinal lymph
We followed detailed descriptions for intestinal lymph sampling in rats, given by Warshaw (15) and Lee (16) determined gravimetrically. Lymph then was centrifuged at 12 000 £ for 2min. Lipaemic intestinal or thoracic duct lymph was clarified by using an Airfuge Ültracentrifuge with the rotor ACR-9 (Beckman Instruments) by flotation of the chylomicrons after 10 min of centrifugation at 107 000 g. Lymph plasma wasstoredat -70°C.
Blood was sampled, and plasma prepared äs described (8). Analytical methods for catalytic enzyme activity, protein and albumin concentrations and concurrent quality control have been described in the foregoing communication (8).
Mice
Mice were anaesthetized and a Silastic catheter for blood drawing was inserted into the jugular vein äs described (8).
Thoracic duct
A cervical approach to thoracic duct lymph in mice was recently outlined by us (17). A Silastic catheter (i. d. 0.30 mm, o. d. 0.64 mm) was inserted into the duct proxiraal to the jugulosubclavian junction under a stereo-microscope. Lymph was collected for between 30 to 40 min from mice placed on a heated table (37 °C) . At the end of the lymph sampling, blood was drawn. We report of lymph collection in 14 mice (28-31 g body weight, = 30 g).
General technical remarks and remarks about lymph and blood preparation Preliminary experiments were done to ensure that the operative procedure for cannula insertion did not alter catalytic activity in plasma during the course of the sampling period in the acute experiments. The operative procedure produced no changes.
The inserted lymph cannulae were fixed in place by small droplets of the tissue adhesive isobutyl 2-cyanoacrylate (Ethicon, Norderstedt). Lymph was collected in preweighed lest tubes contammg minute amounts of heparin. Lymph flow was
Results

Lymph flow
Data on lymph flow in the three lymph collecting vessels of dogs, rabbits, rats and mice under various experimental trials are presented in table 1.
In dogs, thoracic duct flow in conscious animals is more than twice that seen in anaesthetized animals. In anaesthetized dogs the flow of intestinal lymph exceeded thoracic duct lymph flow. This unusual findr ing is probably the result of intermittent abdominal massage used in intestinally cannulated animals to help maintain contiiiuöus lymph flow and to avoid crushing and compression of the catheters during the experiment.
Thoracic duct flow in anaesthetized räts and rabbits doubles during passive motion of the hind limbs. After passive motion, flow values are quite similar to those of immobile animals. l
Thoracic duct: catalytic enzyme activity, lymph/pla-sma ratio, and enzyme transport
These results are summarized in table 2 a., 2b and 2c, respectively. Our data on catalytic activity in lymph can be analysed only in relation to the corresponding catalytic activities in plasma for a given species. Different experiments in a distinct species can also be compared.
In anaesthetized dogs, lymph/plasma ratios below one are noted for cholinesterase, alkaline phosphatase, leucine arylamidase and protein. These ratios remain below one in the conscious state. In addition the alanine aminotransferase ratio becomes less than one. All other ratios, however, increase in conscious dogs.
In anaesthetized immobile rabbits, ratios of less than one are observed for glutamate dehydrogenase, -glutamyl transferase, cholinesterase, acid phosphatase, amino acid arylamidase äs well äs for protein and albumin. These ratios further decrease during passive motion. The ratio for isocitrate dehydrogenase becomes less than one. All other ratios, however, increase during passive motion of the bind limbs. After passive motion, values are similar to those of the immobile group. In anaesthetized immobile rats, ratios of less than one are seen for aspartate aminotransferase, creatine kinase, aldolase and for protein and albumin. During and after passive motion lactate dehydrogenase, alanine aminotransferase, cholinesterase and alkaline phosphatase decrease below a ratio of one, whereas creatine kinase during passive motion markedly increase to a ratio of greater than one.
In anaesthetized mice ratios of less than one are seen for alanine aminotransferase, cholinesterase, alkaline phosphatase, -amylase, amino acid arylamidase and for protein and albumin. Lymphatic transport, or the combination of lymph flow and catalytic activity, exhibits marked differences for each of the different experimental animals.
In conscious dogs, lymphatic transport of enzymes (except alanine aminotransferase) and of protein takes place at a greater rate than in anaesthetized dogs (i, e. threefold higher for lactate dehydrogenase, aspartate aminotransferase, creatine kinase and aldolase). During passive motion in rabbits, lymphatic transport of all enzymes äs well äs protein transport increases, A two-and threefold increase is seen for lactate dehydrogenase, malate dehydrogenase, aspartate aminotransferase, creatine kinase, adenylate kinase, -amylase, aldolase and phosphohexose isomerase. 
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.
The same difference is obvious in rats when comparing the immobile state to passive motion; all enzymes and protein are transported at a higher rate (i. e. a threefold increase for malate dehydrogenase, creatine kinase, aldolase and phosphohexose isomerase). After passive motion, when the limbs are once more immobile, the values are not different from those in the immobile groups.
Liver lymph: catalytic enzyme activity, lymph/plasma ratio and enzyme transport
These results are summarized in table 3 a, 3 b and 3 c.
Generally only a few enzymes (alkaline phosphatase and amino acid arylamidase) have a lymph/plasma ratio of less than one. Protein ratios are approximately one.
Intestinal lymph: catalytic enzyme activity, lymph/plasma ratio and enzyme transport
These results are summarized in table 4a,4b and 4c.
Lymph/plasma ratios of less than one are observed for -glutamyl transferase, alanine aminotransferase, creatine kinase (in rat only) cholinesterase, alkaline phosphatase (except in rabbits), acid phosphatase (determined in rabbits only), amino acid arylamidase, protein and albumin.
Discussion
Lymph flow
A quantitative approach to lymph flow requires us to derive conclusions about the other lymph collecting vessels of the body and their drainage areas from our data on lymph flow of organ lymph (intestinal and hepatic) and of a lymph collecting vessel (thoracic duct). It is then possible to estimate relative proportional contributions to total body lymph flow.
A synopsis of published data on lymph flow is given in table 5. Four great lymph collecting Systems drain the body's lymph and all eventually enter the intravascular space at the ropt of the neck. The thoracic duct drains lymph from the abdominal viscera and lower extremities (via the lumbar trunk), the left upper limb, the left side of the head and neck and parts of the heart. The right lymphatic duct drains most of the lungs, heart, pleural cavities, the right upper extremity and the right side of the head and neck (3, 18-21). Small proportions of the head. neck and forelegs are drained by the eervical and subclavian lymph ducts. The main contributors to thoracic duct lymph such äs hepatic, intestinal lymph etc. are included in the table. Not included in this survey are values for heart and hing lymph, which drain into the thoracic and the right Qpct. Dog lung lymph, with a flow rate of 1.1 -1.2 ml/h, is distributed nearly equally between these two ducts (3, 19, 20, 22, 23). Dog heart lymph accouiits for 1.5 -6 ml/h divided in unknown proportions between the two ducts (surveys: 1. c. (2, 24) ). As can easily be seen from table 5, there is a wide ränge of lymph flow data for any given specific lymphatic. Differences in bpdy weight probably do not explain this phenomenon, äs there is no dependence on body weight for a given species over a wide weight ränge (3). The basis for these differences is probably two-fold: l. presence or absence of anaesthesia and 2. variability in sampling techniques. Commonly used anaesthetics such äs pentobarbital and halothane cause an over-all reductioü in lymph flow which is reflected by a greater than 50% reduction in flow of thoracic duct lymph in anaesthetized dogs äs com-p ared to conscious dogs. This is due to inactivatioii of the "tissue pump", the main driving force of flow in the conscious state and by reduced capillary filtration (4,25). The greatest anaesthesia-induced changes were seen in peripheral regions (i. e. skin, muscle). In anaesthetized dogs the only driving force for lymph flow is the "respiratory pump". Lymph from muscle is bypassed (26). The observed difference in thoracic duct flow between conscious and anaesthetized dogs therefore can be nearly totajly accounted for by lymph from the hind legs. This was confinned by the previous observation, that during passive motion of dog hind limbs, thoracic duct lymph increased to approximätely the same degree äs seen in the transition from the anaesthetized to the conscious state (4, 6). Furthef substantiation was done by direct determination of flow from the lumbar trunk which delivers leg lymph to thoracic duct (7). From the immobile leg, lymph flow is negligible (7, 27, 28). Our data on thoräeic duct lymph in anaesthetized rats and rabbits with passive motion of hind legs vs. the immobile state, again confirm these previous findings.
The sparse data already available on thoracic duct flow in conscious dogs agree quite well with pur data (4, 9, 26, 29). These data from conscious dog studies are not included in table 5. Data on lymph flow of anaesthetized dogs and rats (immobile) are numerous and our values approximätely fit those reported (2, 3). The higher lymph flow we fpünd in rabbits is almost certainly due to our technique, which, in contrast to otherSj leaves the mediastinum unimpaired.
Tab. 4a. Catalylic cnzyme activity conccntralions (U/l; * ± SEM), protcin and albumin concentration (g/l) in intestinal lymph of thc dog, thc rabbit and the rat. The widest ränge of lymph flow has been reported for mice and is probably due to various pretreatments of the mice such äs heparin injection and loading with saline and glucose Solutions.
Especially for mice, where high flow rates in relation to body weight are seen, the applied long-term fistula technique used by other authors must have influenced lymph flow. This technique results in continuous fluid, protein, and cell loss and altered colloid osmotic forces. For our data, however, such effects are minimal, äs we performed only short-term drainage in rabbits, rats and mice. These data, therefore, bear a greater resemblance to physiological conditions with the qualification that skeletal muscle interstitium is bypassed under anaesthesia and/or immobility.
Lymph draining parenchymal tissues in central regions (kidney, liver, intestine) was less affected by anaesthesia (30) . The high intestinal lymph flow we saw in dogs can be accounted for by massage applied during sampling. Generally, liver and intestinal lymph flow data in the literature are rare or have not yet been reported (rabbit).
With respect to the contribution of thoracic duct lymph to total body lymph and the contributions of intestinal and hepatic lymph to thoracic duct lymph, certain misleading concepts and assumptions have been established over the years. "Thoracic duct lymph represents about 90% of total body lymph" is an often-used Statement (3, 31). However, if it is true at all, it is true only for the anaesthetized state, where the total body lymph mainly consists of lymph from the abdominal and thoracal cavities. With anaesthesia Hughes et al. (32) found in rabbits the following proportions: thoracic duct 49%, right duct 15%, subclavian ducts 18%, cervical ducts 18%. In conscious animals, however, lymph flow from muscles increases in importance. This in fact increases thoracic duct lymph but also increases lymph flow in subclavian and cervical ducts, and therefore should not alter the proportions cited above for the anaesthetized rabbit. The 90% value therefore seems far too high. A value of 50 -70% is probably more reliable. We are äware of the lack of direct experimental evidence for such a conclusion. >· *..
Another Statement often made is that liver and intestinal lymph each cpntribute nearly equal parts to the total volume of lymph in the canine and feline thoracic duct (10, 33, 34). In rats, however, the hepatic contribution should amount to only 8.5-20% (35, 36) . We suggest that in the anaesthetized state renal, cardiac and lung lymph contribute significantly to total thoracic duct lymph, whereas in the conscious state the lumbar trunk should be the major lymph contributor (see tab. 5).
In summary, thoracic duct lymph flow in anaesthetized animals is only half that in the conscious state due to bypassed muscular lymph. Passive motion of hind limbs in anaesthetized short-term fistulized animals results in thoracic duct flow similar to that seen in conscious animals. In relation to total body lymph flow, thoracic duct accounts for 50-70%. In the anaesthetized state, flow is rnainly of visceral origin. In the conscious state or during passive motion, thoracic duct flow from muscle via the lumbar trunk is of major importance. k r '
Lymph catalytic enzyme activity, lymph plasma/ratio and lymphatic enzyme Iransport
Thoracic duct
The relation of extracellular distribution and tranä-port of enzymes to the measured intravascular catalytic activity is explained by the fact that enzymes released from cells in continuous physiological processes reach the intravascular space mainly via the lymphatics. Exceptions to this general rule are circulating blood cells, endothelial cells and, possibly, hepatocytes. For other tissues the possible direct interstitial to venous route of molecules of enzyme size is hindered by the heterogeneity of the capillary barrier that is characteristic of most organs. Generally stated, the back flux of protein at the microvascular level is negligible (65) . Once a molecule has crossed the capillary wall it returns to the plasma via the lymph. Direct back-flow of enzyme molecules out of the interstitial space into the intravascular compartment via the capillaries is not compatible with a lymph/ plasma ratio of l. Albumin and other plasma proteins reach the interstitium by limited escape across capillary membranes. Their lymph/plasma ratio, therefore, must be less than 1. Ratios higher than l indicate that the substance measured derives primarily from the interstitial space. The molecular weight of the enzymes we studied is from 45000 -360000 (except adenylate kinase). There is selective capillary membrane permeability for all molecules with molecular weights greater than 40000 (66) (67) (68) .
This suggests an interstitial origin, at least for those substances with a quotient which exceeds that of albumin.
Enzyme lymph/plasma ratios lower or similar to that of total protein (dogs) or albumin (other species) are observed under particular experimental conditions in certain species for alanine aminotransferase, cholinesterase, amino acid arylamidase, acid phosphatase and -glutamyl transferase. These enzymes, therefore, are probably partly of plasma origin. Relative organ contributions to thoracic duct lymph cannot be established from this data. All of the other enzymes we found in thoracic duct lymph are probably primarily released from tissue cells into the interstitial space and reach the intravascular space primarily via the lymphatic System.
In the section on lymph flow we have already discussed the negative effects of anaesthesia, immobility or long^tenn fistula technique on lymph flow. These factöfs are again reflected in marked differences of catalytic activity, lymph/plasma ratio and lymphatic enzyme transport between the anaesthetized vs. conscious vs. passive motion states. If animals are conscious or undergo passive motion of the legs (i. e. muscular lymph is present), the catalytic activities of enzymes such äs lactate dehydrogenase, malate dehydrogenase, creatine kinase, aldolase and phosphohexose isomerase increase or at least remain constant.
Their lymph/plasma ratio also increases and their total enzyme transport increases 2 -3-fold due to doubled lymph flow. These enzymes have been demonstrated to have high catalytic activity in striated muscle.
The catalytic activity of enzymes of mainly visceral origin (glutamate dehydrogenase, -glutamyl transferase, alanine aminotransferase, cholinesterase, amino acid arylamidase) and the concentration of protein and albumin decrease. Their lymph/plasma ratio decreases. Transport rate, however, occurs at a higher level äs compared to anaesthetized or immobile states. This is dup to accelerated lymph flow.
In the literature numerous reports on thoracic duct enzymatic composition, especially for dogs, are found (survey: 1. c. (2)). Such studies were undertaken for a variety of reasons and have augmented the general validity of lymphatic transport of enzymes. In addition to the fact that in most cases only a few enzymes were measured, these studies were limited to anaesthetized dogs.
For anaesthetized rabbits, only some acid hydrolases are reported (52) . For anaesthetized rats the only reported data are severely affected by methods of sample preparation (69) . For mouse thoracic duct lymph, we recently reported selected catalytic activities in lymph and plasma of short-term fistulized animals (70) .
The known data to date, at least for dogs, rabbits and rats, cannot be quantitatively considered.
The significance of transport of enzymes by the thoracic duct for the actual level of catalytic activity in plasma will be discussed later in relation to other contributing factors (e. g. release of enzymes from the ageing erythrocyte and the elimination constants of enzymes in plasma) (86, 87) .
Liver lymph
A model for the direct delivery of newly synthesized liver proteins to the blood has been proposed. In this model, proteins are assumed to pass directly into the vascular compartment (sinusoidal space) without appreciable mixing with the extravascular pool (Space of Disse). Hepatic lymph proteins therefore should originate mainly from the blood (71, 72) . It remains, however, to explain why there are concentration differences between blood and lymph, with the lymph values always lower than plasma values. Dive et al. (73, 74) explain this phenomenon by two processes involved in the transfer of proteins from plasma to hepatic lymph. One is an indiscriminate bulk transport. The other is filtration through a semipermeable membrane with pores, in which the barrier for this double System of transfer probably resides in the capillary wall.
Our findings, however, that lymph catalytic activities for several enzymes are higher than those in plasma, is not compatible with the proposed general route of delivery of plasma proteins. In addition, we have not detected any relationship between the lymph/plasma ratio and the molecular weight of enzymes in lymph.
Four reasons may explain these findings.
1. False site of blood drawing, i. e. peripheral blood instead of hepatic vein blood.
2. Contamination of liver lymph with other organ lymph.
3. Enzymes in hepatic lymph originating from cells other than hepatocytes.
4. Different mechanisms for enzyme delivery and plasma protein delivery.
These four points are examined in detail below.
Ad l
One could argue that enzymes and proteins in hepatic vein blood are found with higher catalytic activity and mass concentration than in peripheral blood. We would argue this contention with the following considerations. Assuming that all of aspartate aminotransferase found in plasma originales in the liver, an assumption which greatly overestimates the liverderived aspartate aminotransferase by neglecting heart and skeletal muscle sources, the delivery should equal the elimination constant (k) for this enzyme in plasma. This constant equals 0.0035/min for dogs (75) . If we accept that the liver is perfused with approximately 20% of the total plasma Volume each minute (72)^ the rate of liver plasma perfüsion is 270 ml/min in a 27 kg dog (50 ml plasma per kg body weight). The newly delivered aspartate aminotransferase is added at a rate of 0.0095 U/min (k = 035/ min; plasma catalytic concentration 10.1 U/l). The Proportion of newly added enzyme to the steady state perfüsion rate of 2.72 U/min equals 0.35%. This difference can hardly be detected analytically, considering an analytic variance of 6.8% for this enzyme (8). The difference between hepatic and peripheral venous blood, therefore, is of quite negligible significance.
• r Ad 2
Gastric, pancreatic and intestinal lymph can contaminate liver lymph. In gastric lymph Keyl et al. (76) found a lymph/plasma rätiq for creatine kinase of 0.7. We found a ratio of about three in hepatic lymph. The high content of -amylase in rabbit liver lymph would suggest a pancreatic contribution. There are, however, extrapancreatic sources of -amylase, the salivary glands included, in man and animals. This can be concluded from liver and intestinal lymph vs. serum values of -amylase äs determined in pancreatectomized dogs (77) . During sanapling of hepatic lymph we never saw milky, opalescent contributions, which would point to intestinal origin.
It is suggested for these reasons, that we sampled essentially pure liver lymph.
Ad 3
In contrast to the plasma proteins found in hepatic lymph, enzymes should originate from nonparenchymal cells of the liver äs well äs hepatocytes. With respect to volume, surface area, and number, the nonparenchyrnal cells occupy about 10%, 27% and 50%, respectively, äs compared'tö parenchymal cells (78, 79) . Alkaline phosphatase, -glutamyl transferase, and lysosomal enzymes reveal three to nine-fold higher specific catalytic activities in nonparenchymal cells (80, 81) ; aldolase, alanine aminotransferase, aspartate aminotransferase, glutamate dehydrogenase and malate dehydrogenase are somewhat higher in parenchymal cells (79) .
This endothelial lining cell net delimits the lumen of the sinusoids and the Space of Disse and should therefore release enzymes into both of these spaces.
Ad 4
It i § difficült to envisage protein delivery from the livef Cell to the plasma by a route which bypässes the SpaCe of Disse, unless it be by immediate entry into the Vascular compartment through the hepatic sinusoidal wall The Space of Disse, limited on one side by the hepatocytes with numerous microvilli and on the other by endothelial eells, appears actually to be only part of an extensive labyrintiuof intercellular channels. These channels connect the more discrete Spaces of Disse and extend into the narrow spaces between the hepatocytes. Scanning images have shown that microvilli of hepatocytes project through the endothelial perforations or contact smaller fenestrations of the endothelial wall (82) . Thus these ultrastructural findings are compatible with the proposed direct entry of proteins. Enzymes in liver lymph with a lymph/plasma ratio of greater than one, therefore must primarily derive from the Space of Disse and originale from either parenchymal and nonparenchymal cells. The site, however, where enzymes leave the hepatocyte, seems different from that of proteins. Some faces of the hepatocyte face the sinusoidal wall, while some front on the bile canaliculi and still others on the intercellular spaces. The latter may be the preferable site of enzyme release. It must, however, be assumed that enzymes from the Space of Disse can reach the sinusoidal space through the large number of wide fenestrations (up to 1.0 ) and that they back-diffuse on a molecular weight basis mechanism äs proposed for plasma proteins.
Dive et al. (73, 74) report on the strong relationship between the molecular weight of plasma proteins and their apparent lymph/plasma ratio, which for IgG^b (Af r = 160000) and for a-macroglobulin (M T = 820 000) in dogs have ratios of 0.65 and 0.506, respectively. Cholinesterase and -amylase, with molecular weights of 360 000 and 45 000, respectively, defme the upper and lower molecular weight limits of enzymes investigated so far (except adenylate kinase). If their occurrence in hepatic lymph is of plasma origin, they should reveal lymph/plasma ratios of about 0.55 and 0.70. These predicted quotients, however, were exceeded by all of these enzymes. We therefpre conclude that not only enzymes with a lymph/plasma ratio above unity are of hepatic origin, but also those with a ratio above 0.70. This becomes even more plausible if one considers that adenylate kinase, with a molecular weight pf 21 000, has a ratio of 2.4. This is not compatible with a plasma origin for this enzyme.
Such a theory of hepatocyte origin of enzymes helps to explain why we are ünable to'fihd any relation between the lymph/plasma ratio and the respective molecular weight. Secondly, the total amount of en·? zymes released by the hepatocytes is underestimated by measurement of the lymphatic enzyme transport alone, i. e. there is a small plasma transport component äs well.
Despite this underestimation, the above mentioned data in the dog for the aspartate aminotransferase elimination constant (k), plasma volume, catalytic activity in plasma and lymphatic transport, showed that about 17% of the plasma-cleared aspartate aminotransferase is replaced by hepatic lymph transport. This is a surprisingly large amount, considering the higher catalytic concentration of this enzyme in heart, skeletal muscle and erythrocytes, all of which should contribute to the normal catalytic activity in plasma.
A similar calculation in the dog was done for a more "liver-specific" enzyme, alanine aminotransferase, with a clearance constant k = 0.0004/min (83) and a reference value in plasma of 18.3 U/l. This revealed that 74% of the plasma-cleared alanine aminotransferase is replaced by hepatic lymph transport. This suggests that enzyme transport from the liver to the circulating blood is mainly by lymphatic transport and not, äs previously believed, by sinusoidal entry. Woolley & Courtice (71) have commented that "It is not possible to collect all the liver lymph in the rabbit". We would say that this applies to the dog äs well. It is probable therefore that the reported values for aspartate and alanine aminotransferase are underestimates. For enzymes originating from the liver, both lymphatic and to a lesser degree direct sinusoidal pathways to the bloodstream are probably active under normal conditions.
Intestinal lymph
This lymph drains a well defined region. A specific origin for these enzymes in intestinal lymph should therefore be determinable. Comparison of lymph/ plasma ratios for total protein and albumin with that of various enzymes clearly demonstrates that the enzymes are primarily released from tissue cells into the interstitial space. Their lymph/plasma ratio exceeds that of albumin, a completely plasma-derived protein. A unique exception to this rule is cholinesterase. This is rather logical, however, if one considers that this enzyme, a so-called plasma enzyme, primarly derives from the plasma. The findings on intestinal lymph for three different animal species generally confirm the data ofFriedelet al. (47) for rat intestinal lymph. This group, however, found a relationship between the lymph/plasma ratio and the inverse of the molecular weight, whereas we did not in either species.
Regardless of the tissue in question, all plasma proteins equilibrate with the total extravascular compartment on a molecular weight basis, reflected by the respective lymph/plasma ratios, whose magnitude depends on the heterogeneity of the capillary barrier characteristics (3, 73, 74, 85) . For enzymes in lymph, however, we have proven for thoracic duct, liver and intestinal lymph that they are primarily released from tissue cells into the interstitial space. This process is independent of the molecular weight and is rather dependent on the relative abundance of an enzyme in the respective organ. The value of the lymph/ plasma ratio for enzymes should, therefore, be a rough reflection of the enzyme pattern in the particular drained tissue (27). It was, therefore, not surprising that we found our highest ratios for creatine kinase, malate dehydrogenase and lactate dehydrogenase in the lumbar trunk, which drains the hind limbs (7). A molecular weight-dependent lymph/plasma ratio can only be expected if the respective proteins are of plasma origin. If they are primarily of interstitial origin and have reached the plasma via the lymphatics, äs is the case for enzymes, such a relationship does not hold.
